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COMPLETE SPECIFICATION 

Improvements in or relating to Freezing Method and Apparatus 



We^ SociETE Anonyme Heurtey, a body 
corporate organised under the laws of the 
French Republic, of 30 — 32, rue Guersant, 
Paris, France, do hereby declare the inven- 

5 tion, for which we pray that a patent may h& 
granted to us, and the method by which it 
si to be performed, to be particularly des- 
cribed in and by the following statement: — 
The present invention relates to methods 

10 of and an apjjaratus lor freezing liquid pro- 
ducts. It is concerned with freezing methods 
wherein the product to be frozen can be 
brought to a temperature of about — 80°C 
(— 112°F) by using carbon dioxide (CO-) as 

15 a refrigerant. 

According to the present invention there is 
provided a method for freezing liquid pro- 
duas, characterized in that carbon dioxide in 
the gaseous phase is injected into the lower 

20 portion of a vertically elongated vessel at a 
temperature of from — 75*^C to — 80°C, and 
that the produa to be frozen is atomized into 
the upper portion of said vessel whereby the 
carbon dioxide gas and the product will flow 

25 or tend to flow in counter-current relation- 
ship and the carbon dioxide gas will cause 
the product to freeze.. 

According to a preferred embodiment of 
the invention the flow rate of the cold 

30 gaseous stream i.e: the carbon dioxide 
through the vessel is adjusted in order to 
achieve and/or maintain desired conditions 
and thus regulate the cooling of the product. 
According to another embodiment of the 

35 method of this invention uniformly sized 
droplets of the liquid to be treated are atom- 
ized into the vessel by injection after a pre- 
liminary measuring step. 

The method according to this invention 

40 has many very important features with re- 
spect to hitherto known methods also based 
on the use of carbon dioxide gas as a refriger- 



ant. Some of these valuable features are set 
for hereinafter. 

The carbon dioxide is used only in its 45 
gaseous phase, whereby the formation of 
crystals thereof likely to be detrimental in 
the system is clefinitely avoided. 

The carbon dioxide gas and the product 
to be frozen flow or tend to flow in counter- 50 
current relationship, with the twofold advan- 
tage of promoting heat transfer conditions 
and obtaining a relatively long freezing time 
which may be for example several minutes or 
more. This freezing time is controllable and 55 
permits of preserving the whole or part of 
the charaaeristics and. principles of the treated 
products. 

The height of the vertically elongated 
vessel and/or the rate of upward flow of the 60 
carbon dioxide gas therein may be so cal- 
culated that the product to be treated reaches 
a temperature af>proximating — 80°C (—112° 
F) before attaining the lower portion of the 
vessel, so that the complete mass is com- 65 
pulsorily brought to this temperature. 

The diameter of the granules of frozen pro* 
duct may be of the order of 2 millimeters 
(O.OB'O and can easily be modified if required. 

The use of granulators is dispensed with. 70 

Using the method of the invention it is 
possible to obtain products at exactly the de- 
sired and suitable granulometry, without any 
objectionable fine particles therefore it is par- 
ticularly advantageous when the frozen pro^ 75 
ducts are intended for a subsequent drying 
or lyophilization treatment. 

Other features and advantages of this in- 
vention will appear as the following descrip- 
tion proceeds with reference to the accom- 80 
panying drawing illustrating diagrammatic- 
ally by way of example various forms of 
embodiment of this invention. In the draw* 
ing: 
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Figure 1 is a synoptic illustration of a first 
form of embodiment of a deep-freezing unit 
according to this invention; and 

Figures 2 and 3 are similar views of modi- 
5 fied forms of embodiment of the same imit. 

The unit illustrated in Figure 1 comprises 
a vertically elongated vessel 1 equipped at 
its lower portion with injectors 2 for supply- 
ing gaseous COo at a temperature of about 
10 -75°C to -79*^C (-102<'F to -110°F) 
and under a pressure slightly in excess of the 
atmospheric value. 

The product to be deep-frozen, for ex- 
ample fruit juice, is introduced into the vessel 
15 1 at the upper portion thereof through atom- 
izers 5 . 

The carbon dioxide gas flows upwards in 
the vessel 1 and cools the drops of liquid pro- 
duct to be treated, for example fruit juice, 

00 until they are deep-frozen at about — 75°C 
to ~-79°C (-ICTi^F to — 110°F)- During 
this upward flow the carbon dioxide gas re- 
tards the fall of the liquid drops, so that the 
freezing time can be as long as desired. 

25 The carbon dioxide gas emerging from the 
vessel 1 is thus brought to a higher tempera^ 
ture which may be for example of the order 
or — 30°C (— 220F). A recycling compressor 
10 forces the used gas through ducts 7 and 9 

30 into a bath 8 retaining the entrained liquid 
particles and introduces the purely gaseous 
flow into a drier 11 and a separator or 
cyclone 12. From the outlet of this separator 
or cyclone one fraction of the gas is com- 

35 pressed by another compressor 13 and forced 
through a heat transfer unit 14 in which it 
is liquefied and directed into a storage tank 
15 under a pressure of about 285 psi and at 
a temperature of -20<*C (— 4°F). The thus 

40 liquefied Cd is allowed to expand through 
a pressure reducing device 3 disposed up- 
stream of the injectors 2. This expansion 
bring at — 79*'C (— 110°F) the cold units 
necessary for cooling to — 75°C/— 79°C 

45 (-102°F to —112^10 the CO2 gas fraction 
recycled through duct 16 which is injected 
into the vessel 1 by means^ of the nozzles 4 
opening into the aforesaid injectors 2. 

The deep-frozen fruit-juice granules are 

50 extracted from the bottom of the vessel 1 
through a lock-chamber 6. 

It will be seen that the greater part of the 
CO2 is recycled directly through the duct 16, 
the other COg fraction delivered to the heat 

55 transfer unit 14 correspondmg only to the 
quantity necessary for reducing to — 75°C/ 
— 79*^C the temperature of the CO2 fed to 
the vessel 1. 

The liquid product to be frozen is intro- 

60 duced into the upper portion of the vessel 1 
in such a way that all the drops of product 
built up therein have similar diameters and 
remain separate from one another or, in 
other v/ords, that they do not tend to agglo- 
65 merate. Thereaforet it is necessary that a 



given drop "B" following a preceding one 
"A" moves outside the turbulent zone created 
by this drop "A". Under these conditions, 
both drops "A" and "B" are retarded sub- 
stantially in the same manner by the forces 70 
resulting from the frictional viscous contact 
between the gas and the drops, so that they 
will both fall at the same speed; any coal- 
escence is thus safely avoided. Besides, due 
to the possible lateral movements of the 75 
drops during their fall it is also necessary 
that the horizontal distance between any two 
adjacent drops be kept at a value suffi- 
cient to prevent these drops from contacting 
each other. 80 

This twofold requirement may be met for 
example by utilizing a static distributor, dis- 
penser or atomizer comprising the plm-ality 
of suitably spaced nozzles delivering the drops 
at the requisite rate. A rotary injection device 85 
may also be used wherein suitably spaced out- 
let orifices for the liquid are provided. 

The rate of gaseous flow through the 
vessel 1 and/or the gas temperature at the 
vessel inlet may be adjusted in order to 90 
achieve and/or maintain the temperatures 
necessary for producing the desired freezing 
according to the time during which this 
freezing is to be maintained. This tempera- 
ture may be adjusted by properly propor- 95 
tioning the quantity of directly recycled gas 
and the gas fraction used for cooling this 
quantity. 

In order to regulate the temperature of 
the cold gas in the freezing vessel, a rehcater 
may be inserted in the direa gas recirculation 
duct. The temperature of the gas flowing 
through the vessel 1 may be adjusted at will 
by properly modifying the action exerted by 

this reheater. 

This disposal is objectionable however in 
that it requires the use of a reheater and 
therefore increases the power consumption. 

A more advantageous arrangement con- 
sists in utilizing a vessel of which the outer 
wall without any heat insulation is in direct 
contact with tfie surrounding atmosphere 
and to which one fraction of the gas cmerg*- 
ing from the tower is fed, the teniperature of 
the gas recycled in the vessel 1 being adjusted 
by introducing gas taken from this auxiliary 
vessel into the recycling circuit. 

In the form of embodiment illustrated in 
Figure 2 a vessel 18 without heat-insulation 
is disposed between the ducts 16 and 17, and 
adapted to be filled with gas through a valve 
19, another valve 20 controlling the com- 
munication between this vessel 18 and the 
duct 16. It is clear that by properly control- 
ling by means of this valve 20 the quantity 
of gas stored in vessel 18 it is possible to 
regulate at will the temperature of the gas 
fed into the vessel 1. To compensate the 
gas output thus injected a leak-gas venting 
valve 21 is provided. 130 
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In the form of embodiment illustrated in 
Figure 3, the gas emerging from the top of 
vessel 1 is cooled before being re-injected 
into this tower by using a liquefied gas out- 
5 put taken from a reservoir 22 and expanded 
in a pressure-reducing device 23. The gas 
constantly injected into the vessel 1 is vented 
to the outside through another leak-gas valve 
24. 

10 The recycled gas output is adjusted by 
means of a valve 25 and measured by means 
of a vacuummeter 26. 

To modify the mean gas temperature a 
warm gas storage vessel 27 without heat- 

15 insulation is provided. The gas contained in 
this vessel is re-injected into the circuit by 
using a fan 28 and a valve 29. 

The method of this invention may be car- 
ried out in various manners. 

20 It may be of the continuous type, that is, 
wherein the liquid product to be frozen is 
fed continuously into the freezing vessel. 

However, a batchwise procedure may also 
be used, wherein the liquid to be frozen is 

25 introduced into the freezing vessel until a 
suspension of this liquid which fills the vessel 
nearly completely is formed by the action of 
the stream of carbon dioxide, the lock cham- 
ber, 6, being closed. 

30 The freezing process is then completed and 
by properly reducing the rate of flow of the 
carbon dioxide gas in the vessel the frozen 
product can be exhausted and the cycle re- 
sumed. 

35 This batchwise process can be carried out 
without difficulty if the quantity of gas re- 
cycled within the freezing vessel is properly 
controlled. 

The liquid product to be deep-frozen may 
40 be introduced in a discontinuous manner by 
using a measuring pimip and a stop and 
regulating valve. 

Another advantageous feature of this batch- 
wise or discontinuous method is that the 
45 height of the deep-freezing vessel can be 
reduced. 

Although the present invention has been 
described in conjunction with preferred em- 
bodiments, it its to be understood that modi- 
50 fications and variations may be resorted to 
without departing from the scope of the 
invention, as defined by the appended claims. 

WHAT WE CLAIM IS: — 

1. A method of freezing liquid products, 
55 characterized in that carbon dioxide in the 
gaseous phase is injected into the lower por- 
tion of a vertically elongated vessel at a tem- 
perature of from — 75°C to — 80°C, and that 
the product to be frozen is atomized into the 
60 upper portion of said vessel, whereby the 
carbon dioxide gas and the product will flow 
or tend to flow in counter-current relationship 
and the carbon dioxide gas will cause the 
product to freeze. 



2. A method according to claim 1, charac- 65 
terized in that uniformly sized droplets of the 
liquid to be treated are atomized into the 
vessel by injection after a preliminary 
measuring step. 

3. A method according to claim 1, char- 70 
acterized in that the flow rate of the cold 
gaseous stream through the vessel is adjusted 

in order to regulate the cooling of the pro- 
duct. 

4. A method according to claim 1, char- 75 
acterized in that the temperature of the 
gaseous stream within said vessel is varied 
according to the nature of the product to be 
frozen. 

5. A method according to claim 1, char- 80 
acterized in that the process is carried out 
batchwise by introducing the product to be 
frozen into the vessel so that the gaseous 
stream converts it into a suspension filling 
substantially said vessel, the freezing process 85 
being subsequently completed, and the frozen 
product discharged, whereafter the cycle is 
repeated. 

6. A method according to claim 5, char- 
acterized in that the quantity of gas intro- 90 
duced into said vessel is adjusted to allow 
evacuation of the product in suspension. 

7. A method according to claim 1, char- 
acterized in that the gas used in the freezing 
treatment is recycled. 95 

8. Apparatus for carrying out the method 
according to claim 1, characterized in that 
it comprises a vertically-elongated vessel pro- 
vided at its lower portion with injectors for 
introducing the gaseous carbon dioxide at a XOO 
pressure slightly greater than the atmospheric 
pressure, and a lock chamber for discharging 

the frozen product, and at its upper portion 
with atomizers for forming drops of the pro- 
duct to be frozen. 105 

9. Apparatus according to claim 8, char- 
acterized in that it also comprises a circula- 
tion compressor located at the top of said 
vessel to direct the gaseous CO2 which has 
passed through the vessel respectively through HQ 
a liquid-filled vessel, a drier, a cyclone, and 
means for dividing tiie gaseous CO2 into two 
fractions, a compressor forcing one fraction 
into a heat transfer unit to liquify it and 
direct it into pressure reducing devices dis- 115 
posed upstream of said injectors, nozzles 
means being disposed in said injectors down- 
stream of said pressure reducing devices, to 
inject the other fraction into die vertically 
elongated vessel. 12O 

10. Apparatus according to claim 8, char- 
acterized in that the atomizers provided at 
the top of said tower deliver the product in 
the form of drops spaced from one another 

to prevent said drops from coalescing with 125 
one another. 

11. Apparatus according to claim 8, pro- 
vided with gas recycling means, characterized 
in that it comprises an auxiliary vessel of 
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which the external wall is not heat-insulated 
and is kept in contaa with the atmosphere, 
said auxiliary vessel being supplied with 
carbon dioxide gas from said tower, the tem- 
perature of the gas recycled in said tower 
being adjusted by introducing into the re- 
cycling drcuit gas from said auxiliary vessel. 

12. Method substantially as described 
hereinabove with reference to the accompany- 
ing drawings. 



13. Apparatus subustantially as described 
hereinabove and illustrated in tht accompany- 
ing drawings. 

For the Apph'cants : 
RAWORTH, MOSS & COOK, 
Chartered Patent Agents, 
38 Sydenham Road, Croydon, Surrey. 

and • 
75 Viaoria Street, Westminster, 
London, S.W.I. 
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COMPLETE SPECIFICATION 

This drawing is a reproduction of 
the Orlglnai on a reduced scale 
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